A daylength extension with incandescent light is more effective in promoting flowering of long-day plants like Hyoscyanuss niger than fluorescent light. A low phytochrome photoequilibrium (Pfr/Ptot), attained by a far-red irradiation at the close of long days under fluorescent light, also promotes flowering. Moreover, if flower initiation processes are initiated by several long days, a low phytochrome photoequilibrium at the end of short, postinduction photoperiods also enhances flowering. The initiation phase of flowering requires Pfr to be present whereas the development phase proceeds more rapidly in the absence of Pfr. Spectral dependence studies, therefore, could be misinterpreted if the initiation and development stages are combined into a single audit of flowering. Action spectra, obtained by applying various durations and flux densities of monochromatic radiation near the middle of 12-h dark periods, show that R2 is the most effective region of the spectrum for promoting flower initiation in long-day plants (1, 13). These action spectra indicate that a dark period interruption with any light source that converts most of the phytochrome to Pfr would be an effective means of controlling flowering. Since fluorescent light with a R to FR ratio of 9.24 converts more phytochrome to Pfr than an incandescent lamp, which emits a R to FR ratio of 1.07, the action spectra would predict better promotion of flowering of long-day plants by the fluorescent light source. R radiation (16) and fluorescent light (15) are effective for promoting flowering when used as a dark period interruption; but, as with the short-day plant Chrysanthemum mornfolium (3), a high energy level is required unless the daylength is close to the critical photoperiod.
Action spectra, obtained by applying various durations and flux densities of monochromatic radiation near the middle of 12-h dark periods, show that R2 is the most effective region of the spectrum for promoting flower initiation in long-day plants (1, 13) . These action spectra indicate that a dark period interruption with any light source that converts most of the phytochrome to Pfr would be an effective means of controlling flowering. Since fluorescent light with a R to FR ratio of 9.24 converts more phytochrome to Pfr than an incandescent lamp, which emits a R to FR ratio of 1.07, the action spectra would predict better promotion of flowering of long-day plants by the fluorescent light source. R radiation (16) and fluorescent light (15) are effective for promoting flowering when used as a dark period interruption; but, as with the short-day plant Chrysanthemum mornfolium (3), a high energy level is required unless the daylength is close to the critical photoperiod.
The action spectra data also were assumed to predict that R, or fluorescent light, would be effective in promoting flowering when used as a daylength extension. In practice, however, long-day plants exhibit a marked insensitivity to fluorescent light when it is used to extend the day (2) . A daylength extension with a mixture of R and FR, as from an incandescent lamp, has repeatedly proven to be much more promotive of flowering than fluorescent lamps (7, 10, 14, 17) .
When the light period is of sufficient duration to allow flower initiation, the addition of incandescent light to the main fluorescent source of a controlled-environment room accelerates flowering (4, 15 ering is accompanied by scape or floral axis elongation (7) .
The apparent contradiction between action spectra data and the response of long-day plants to Pfr levels during the main light period and during a daylength extension suggested further experiments to examine the causal factors of flowering that occur in response to phytochrome photoequilibrium, Pfr/Pt0t.
MATERIALS AND METHODS
Hyoscyamus niger plants were grown in a ventilated greenhouse from seed increased from the Melchers-Lang annual strain used by Parker et al. (13 Umol m-2 s-1 (41 w m-2). Daylength control was obtained by moving the plants from the greenhouse into the photoperiod rooms at 4:00 PM and retuming them to the greenhouse at 8:00 AM each day. The appropriate light source was tumed on at 8:00 AM to insure the correct daylength against any delay in moving the plants (7) . In experiments requiring radiant energy restricted to certain spectral regions, R radiant energy at 6 w m was obtained by filtering a bank of cool white fluorescent lamps with two layers of red cellophane. FR radiant energy at about 7.5 w m-2 was obtained from intemal reflector flood lamps and a filter of two layers of red and two layers of dark blue cellophane plus 5 cm of H20 (7).
H. niger flowering in some experiments was evaluated by arbitrary stages of inflorescence development (Table I) (Table III) .
FR irradiations at the close of noninductive photoperiods had no apparent effect on flowering, although the presence and functioning of Pfr was evident by increased petiole elongation. However, when the flower initiation processes are set in motion by a few long days, then returned to short days for development, a FR irradiation at the close of each short day accelerated flowering (Table IV) , and a subsequent R irradiation partially nullified the FR response.
In H. niger, scape elongation begins at about the time the first signs of flower initiation are apparent. After this time, flower development is usually proportional to scape elongation. Gibberemlin was applied to H. niger to determine if elongation produced by other means than the removal of Pfr would accelerate flowering (Table V) . Gibberellin increased elongation of stems of H. niger grown on short days, but did not promote flower initiation.
Gibberellin applied to plants that had received 10 long days also increased elongation without improving flowering. Moreover, the elongation produced by the gibberellin could be increased further by FR irradiations at the end of each short, postinduction, photoperiod. The potential elongation caused by the removal of Pfr could be reversed by returning Pfr to the system with a R irradiation, but the elongation controlled by gibberellin was not influenced by the presence or absence of Pfr. The two effects were additive as in the observation of Downs and Cathey (8) and Mohr and Appuhn (12) .
DISCUSSION
The flower-promoting effect of adding a relatively small amount of incandescent light to a fluorescent-lighted growth room was presented as partial evidence of a high energy reaction, and the conclusion was drawn that the incandescent effect resulted from a combined high energy reaction and phytochrome response (15) . However, since brief FR irradiations at the end of long days consisting of fluorescent light are equally or more effective in promoting flowering than the addition of incandescent radiation during the light period, the percent conversion of Pfr must be playing a major role in the promotion of flowering of H. niger. Moreover, two flowering processes, initiation and flower development, appear to be involved. Action spectra show that flower initiation requires large amounts of Pfr near the middle of the DOWNS AND THOMAS long dark periods accompanying the noninductive short days. Once the initiation processes have proceeded to the point where flower primordia will form, further development is markedly accelerated by a lower level of Pfr, regardless of whether the postinitiation dark period is short or long. Thus, the promotive effect of a low level of Pfr is less during the 10-d inductive period than during a subsequent 10-d development phase, because, during the first few days of the induction period, initiation processes have not proceeded sufficiently to allow the effect of low Pfr to function. The initiation process, therefore, seems to be completed after fewer than 10 long days even though flower primordia cannot be seen at this time. Since the FR irradiations become effective after 7 to 10 long days, the implication is that the initiation processes are complete and the flower development phase is beginning. If no distinction is made between initiation and development phases, a mixture of R and FR radiation that forms an intermediate level of Pfr could satisfy both processes.
Elongation of stems is promoted by incandescent light and by FR irradiations at the close of the light period (6) . Since flower development usually is proportional to stem elongation in H. niger, Meijer (11) and de Lint (5) suggested that the spectral dependence of the developoment phase of flowering is primarily that of a stem elongation response. Thus, while low Pfr levels following induction of the initiation processes result in more rapid flower development than high Pfr levels, the effect could be the result of an increase in endogenous gibberellin rather than a direct effect on flower development. This hypothesis is not necessarily refuted by the fact that applied gibberellin can cause elongation in the absence of flowers because the elongation produced by gibberellin is independent of light source and, as with dark-grown seedlings (8), appears to operate through different pathways from the photoreaction. Promotion of elongation by FR radiation, however, is not independent of flower initiation and takes place principally after flower primorida are formed.
These results are not animadversions on previous research for they do not exclude the involvement of a high energy reaction. The results do suggest, however, that a high energy reaction could be erroneously inferred by combining the initiation and development phases into a single analysis of flowering.
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